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Description

Field of the invention

[0001] This invention relates to the in vitro diagnosis of carcinomas by means of a specifically targeted humanized
mouse monoclonal antibody selectively binding the human KC-4 antigen. The humanized anti-KC-4 mouse antibody
comprises the complementarity determining regions (CDRs) of the variable regions of the mouse antibody of the same
specificity, and its framework regions having specific amino acids replaced in a predermined manner, and the constant
regions of a human antibody. The humanized anti-KC-4 mouse antibody of this invention is expected to elicit a lesser
immunological response in humans than the whole mouse antibody and is therefore considered suitable for in vivo
administration to humans. Polynucleotide segments encoding the humanized antibody, a hybrid vector and a transfected
host cell carrying the DNA segments encoding the antibody are useful for preparing the peptides disclosed herein.

Description of the Background

[0002] Carcinomas result from the carcinogenic transformation of cells of different epithelia. Two of the most damaging
characteristics of carcinomas are their uncontrolled growth and their ability to create metastases in distant sites of the
host, particularly a human host. It is usually these distant metastases that cause serious consequences to the host,
since frequently the primary carcinoma may be, in most cases, removed by surgery. The treatment of metastatic carci-
nomas, that are seldom removable, depends on irradiation therapy and systemic therapies of different natures. The
systemic therapies currently include, but not fully comprise, chemotherapy, radiation, hormone therapy, different immu-
nity-boosting medicines and procedures, hyperthermia and systemic monoclonal antibody treatment.

[0003] The latter can be labeled with radioactive elements, immunotoxins and chemotherapeutic drugs. Radioactively
labeled monoclonal antibodies were used in lymphomas, leukemas, and in some carcinomas. The concept underlying
the use of labeled antibodies is that the labeled antibody will specifically seek and bind to the carcinoma and, the
radioactive element, through its decay, will irradiate the tumor in situ. Since radioactive rays travel some distance in
tumors itis not necessary that every carcinoma cell bind the labeled antibody. The specificity of the monoclonal antibodies
permits a selective treatment of the tumor while avoiding the irradiation of innocent by-stander normal tissues that could
be dose limiting. The chemotherapy of carcinomas produces serious toxic effects on normal tissues, which makes it
less than desirable, and the use of radiolabeled monoclonal antibodies a valid alternative.

[0004] Non-human antibodies raised against human epitopes have been used for the diagnosis and therapy of car-
cinomas as is known in the art. Also known are the methods for preparing both polyclonal and monoclonal antibodies.
Examples of the latter are BrE-2, BrE-3 and KC-4 (e.g., US patent Nos. 5,077,220; 5,075,219 and 4,708,930. The KC-
4 murine monoclonal antibody is specific to a unique antigenic determinant, the "antigen", and selectively binds strongly
to neoplastic carcinoma cells and not to normal human tissue (U.S. Patent No. 4,708,930 to Coulter). The antigen
appears in two forms in carcinoma cells, only the smaller of these forms being expressed in the cell membrane. The
larger form appears only in the cytoplasm and has an approximate 490 Kdalton molecular weight (range of
480,000-510,000). The second form occurs at a higher density of expression, is found both in the cytoplasm and the
membrane of carcinoma cells and has an approximate 438 Kdalton molecular weight (range of 390,000-450,000) as
determined by gel electrophoresis with marker proteins of known molecular weights. Labeled KC-4 was applied to the
diagnosis and medical treatment of various carcinomas, particularly adenocarcinoma and squamous cell carcinoma
regardless of the human organ site of origin.

[0005] The BrE-3 antibody (Peterson et al., Hybridoma 9:221 (1990); US patent No. 5,075,219) was shown to bind to
the tandem repeat of the polypeptide core of human breast epithelial mucin. When the mucin is deglycosylated, the
presence of more tandem repeat epitopes is exposed and the binding of the antibody increases. Thus, antibodies such
as BrE-3 bind preferentially to neoplastic carcinoma tumors because these express an unglycosylated form of the breast
epithelial mucin that is not expressed in normal epithelial tissue. This preferential binding combined with an observed
low concentration of epitope for these antibodies in the circulation of carcinoma patients, such as breast cancer patients,
makes antibodies having specificity for a mucin epitope highly effective for carcinoma radioimmunotherapy. A 90Y-BrE-
3 radioimmunoconjugate proved highly effective against human breast carcinomas transplanted into nude mice. Human
clinical studies showed the 99Y-BrE-3 radioimmunoconjugate to considerably reduce the size of breast tumor metastases
without any immediate toxic side effects. Moreover, an 111In-BrE-3 radicimmunoconjugate was successfully used for
imaging 15 breast cancer patients, providing excellent tumor targeting in 13 out of 15 of the patients. Out of all the breast
tumor metastases occurring in another study, 86% were detected by 111In-BrE-3. Unfortunately, 2 to 3 weeks after
treatment, the patients developed a strong human anti-murine antibody (HAMA) response that prevented further admin-
istration of the radioimmunoconjugate. This response observed for numerous murine monoclonal antibodies precludes
their long-term administration to human patients. Other heterologous antibodies, when administered to humans, elicited
similar antibody responses, which indicates that the anti-heterologous human response is a substantial limiting factor
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hindering the successful use of heterologous antibodies as therapeutic agents.

[0006] Chimeric antibodies are direct fusions between variable domains of one species and constant domains of
another. Murine/human chimeric antibodies prepared from other types of B cells binding to other types of antigenic
determinants have been shown to be less immunogenic in humans than whole murine antibodies. These proved to be
less immunogenic but still in some cases an immune response is mounted to the rodent variable region framework
region (FR). A further reduction of the "foreign" nature of the chimeric antibodies was achieved by grafting only the CDRs
from a rodent monoclonal into a human supporting framework prior to its subsequent fusion with an appropriate constant
domain, (European Patent Application, Publication No. 239,400 to Winter; Riechmann, etal., Nature 332:323-327 (1988)).
However, the procedures employed to accomplish CDR-grafting often result in imperfectly "humanized" antibodies. That
is to say, the resultant antibody loses affinity (usually 2-3 fold, at best).

[0007] The ligand binding characteristics of an antibody combining site are determined primarily by the structure and
relative disposition of the CDRs, although some neighboring residues also have been found to be involved in antigen
binding (Davies, et al., Ann. Rev. Biochem. 59:439-473 (1990)).

[0008] The technologies of molecular biology have further expanded the utility of many antibodies by allowing for the
creation of class switched molecules whose functionality has been improved by the acquisition or loss of complement
fixation. The size of the bioactive molecule may also be reduced so as to increase the tissue target availability of the
antibody by either changing the class from an IgM to an IgG, or by removing most of the heavy and light chain constant
regions to form an F,, antibody. Common to all of these potentially therapeutic forms of antibody are the required com-
plementary determining regions (CDRs), which guide the molecule to its ligand, and the framework residues (FRs) which
supportthe CDRs and dictate their disposition relative to one another. The crystallographic analysis of numerous antibody
structures revealed that the antigen combining site is composed almost entirely of the CDR residues arranged in a limited
number of loop motifs. The necessity of the CDRs to form these structures, combined with the appreciated hypervariability
of their primary sequence, leads to a great diversity in the antigen combining site, but one which has a finite number of
possibilities. Thus, its hypermutability and the limited primary sequence repertoire for each CDR would suggest that the
CDRs derived for a given antigen from one species of animal would be the same derived from another species. Hence,
they should be poorly immunogenic, if at all, when presented to a recipient organism.

[0009] Accordingly, there is still a need for a product of high affinity and/or specificity for carcinoma antigens suitable
for the detection and therapy of carcinomas which elicits a lesser antibody response than whole non-human antibodies
or chimeric antibodies containing, for instance the entire non-human variable region.

SUMMARY OF THE INVENTION

[0010] This invention relates to a modified chimeric antibody which selectively binds to the human KC-4 antigen, the
antibody being defined in claim 1. variable regions of the light and heavy chains of the anti-KC-4 mouse

[0011] Also provided are the corresponding DNA and RNA segments encoding the monoclonal antibody, a hybrid
vector carrying the DNA, and a transfected host thereof.

[0012] Still part of this invention are in vitro methods of diagnosing cancer and for conducting immunohistochemistry
assays of tissue slices, an ex vivo method of purging neoplastic cells, and in vivo methods for imaging and therapy of
cancer patients.

[0013] Other objects, advantages and features of the present invention will become apparent to those skilled in the
art from the following discussion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] This invention arose from a desire by the inventors to improve on antibody technology suitable for use in
diagnostic and therapeutic applications, particularly for in vivo administration. The useful monoclonal antibodies obtained
up to the present time have been prepared by fusing immortalized cell lines with B-cells of mouse or other animal origin.
However, in general, heterologous antibodies may only be administered once to a human due to the detrimental immu-
nological effects they elicit. This is true for most heterologous antibodies administered. For example, the repeated
administration of murine antibodies to a subject elicits a strong human anti-murine antibody (HAMA) response, which
precludes their further utilization as therapeutic agents in humans. These heterologous antibodies initiate an immediate
adverse reaction in many human patients and are, thus, rendered ineffective for further administration as therapeutic
agents. On the other hand, human monoclonal hybridoma cell lines have not been very stable and have, therefore, not
been suitable for the large scale, repeated production of monoclonal antibodies.

[0015] The present inventors, thus, have undertaken the preparation of anti-KC-4 humanized monoclonal antibodies
maintaining the entire CDRs of the mouse antibodies of the same specificity and human constant regions, and substituting
7 amino acids in the heavy chain and 12 amino acids in the light chain, the substituted amino acids being positioned in
the framework regions (FRs) and being selected from those present in equivalent positions in other human antibodies,
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and the constantregions of a human antibody. The hybridomas of the invention can produce large quantities of monoclonal
antibodies having a desirable high affinity, specificity and selectivity for the human KC-4 antigen.

[0016] The present inventors have found, surprisingly, that these monoclonal antibodies substantially preserve the
binding, specificity and selectivity of the whole corresponding mouse antibody while they are expected to elicit a less
detrimental immunological response. However, the simple preservation of the binding region of an antibody does not
by itself ensure that the binding characteristics of the antibody will be maintained. Antibodies are glycopolypeptides that
are folded into specific conformations. When the glycoside portion of the molecule or portions of the amino acid sequence
are perturbed or excised, the folding pattern of the molecule may be perturbed. Thus, any deletion or modification of the
sequence of an antibody must be made taking into consideration that its folding dependent properties may be diminished
or even obliterated if the folding is substantially affected, even though the amino acid sequences involved in the binding
of the antigen are preserved.

[0017] The present inventors selected the following strategy for the preparation and manufacture of the antibodies of
this invention. The cDNAs that encode the variable chains of an antibody may be obtained by isolation of MRNAs from
hybridoma cells and their mMRNAs reversely transcribed. The thus obtained cDNAs may be amplified by the polymerase
chain reaction (PCR) and the DNAs obtained inserted into a vector, and optionally sequenced and restriction enzyme
cut. Thus, the cDNAs encoding the variable chain (F,) region of the light (V) and heavy (V) chains of an antibody
having affinity and specificity for the human KC-4 antigen may be reverse transcribed from the isolated mRNAs. The
variable region cDNAs may then be modified, with predesigned primers used to PCR amplify them or synthesized de
novo, cloned into a vector optionally carrying DNA sequences encoding the human constant region(s), optionally se-
quenced, and then transfected into host cells for expression of the humanized anti-LC-4 antibodies. The binding spe-
cificities and binding constants of the humanized antibodies may then be determined and compared to those of the
whole mouse antibodies.

[0018] X-raycrystallographic studies demonstrate that the framework structures of the F,, of different antibodies assume
a canonical structure regardless of the species of origin, amino acid sequence, or ligand specificity. This is generally
taken as evidence that the ligand-binding characteristics of an antibody combining site are determined primarily by the
structure and relative disposition of the CDRs, although some neighboring framework residues may also be involved in
antigen-binding. Thus, if the fine specificity of an antibody is to be preserved, its CDR structures, and parts of the
neighboring residues, their interaction with each other and with the rest of the variable domains, must also be maintained.
These crystallographic studies point to the possible need for retaining most, if not all, of the many interior and inter-
domain contact residues since the structural effects of replacing only a few of them cannot be predicted.

[0019] While at first the necessity of keeping these amino acids might seem to defeat the goal of decreasing immu-
nogenicity by "humanization", the actual number of amino acids that must be retained has been determined by the
inventors to be small because of the striking similarity between human and murine variable regions. Moreover, many,
if not most, of the retained amino acids possess side chains that are not exposed on the surface of the molecule and,
therefore, may not contribute to its antigenicity. Clearly, it is most of the exposed amino acids that are good candidates
for substitution since it is these amino acids that are exposed to the immunological environment of a mammal and may
form epitopes of increased immunogenicity.

[0020] The challenge in humanizing the variable regions of the anti-KC-4 mouse antibody thus begins with the iden-
tification of the "important" heterologous amino acids. "Important" amino acids are defined herein as those, for example,
that are involved in antigen binding, contact the CDRs and the opposite chains, and have buried side chains. Ideally,
these residues might be identified from a well characterized three-dimensional structure. However, when, as in the
present case, direct structural data are not available, the inventors have, fortunately, made it possible to predict the
location of these important amino acids by analyzing other related antibody structures, especially those whose variable
light and heavy regions belong to the same class. The classes of variable regions can be determined from their amino
acid sequence.

[0021] One method by which these important amino acids may be identified has been described for the case of the
amino acids with buried side chains by Padlan, E.A. (Padlan, E.A., "A Possible Procedure for Reducing the Immuno-
genicity of Antibody Variable Domains While Preserving Their Ligand-Binding Properties", Molecular Immunology, 28:
489-494 (1991)). In the present case, various antibody variable region structures were compared using a computerized
program that determines the solvent accessibility of the framework residues as well as their contacts with the opposite
domain as described by Padlan, E.A. (1991), supra. Surprisingly, a close examination of the fractional solvent accessibility
reveals a very close similarity in the exposure patterns of the V, and the V| domains. Put in simple terms, regardless
of the particular antibody in question, and of its amino acid sequence, the inventors have found that the buried residues
occupy similar relative positions in most antibodies.

[0022] A similar analysis can be done by computer modeling, to determine which amino acids contact the CDRs and
which contact the opposite domain. At this point, the Fab structures that are currently in the Protein Data bank (Bernstein,
F.C., etal., J. Mol. Biol. 112:535-542 (1977)) may be examined to determine which FRs may be important in maintaining
the structure of the combining site. Thus, after a close inspection of many high resolution three-dimensional structures
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of variable regions, the positions of allimportant framework amino acids, that is, those that contact the CDRs, the opposite
domain, and those whose side chains are inwardly pointed, may be tabulated. Keeping these amino acids, as well as
those from the CDRs, and finally those FR amino acids that may be involved in ligand binding, should insure to a great
extent the preservation of affinity. The precise identification of FR amino acids that are involved in ligand-binding cannot
be generalized since it varies for different antibodies. Nevertheless, conservative decisions can be made to preserve
the amino acids located in FRs that have a high probability of contacting the antigen. These regions are generally located
immediately adjacent to the CDRs and at the N-terminus of both chains, because the surfaces of these regions are
contiguous with the CDR surfaces.

[0023] Surprisingly, it is possible to keep all of these important amino acids in a heterologous humanized antibody
and still increase dramatically the similarity with a human consensus sequence. That is, the final number of amino acids
with murine identities differing from human identities that are kept is typically small. This is possible because human
frameworks that are similar to the murine frameworks, especially at the positions of the important amino acids, can be
found. This is because many of the important amino acids have the same identities in both murine and human antibodies.
[0024] All the amino acids that are determined to be not important by the method described above may be replaced
by their corresponding human counterparts. The surface of the finally humanized antibody should look very much like
that of a human antibody except for the antigen binding surfaces. The original shape of those binding surfaces, however,
is maintained by leaving the internal composition of the antibody intact, preserving inter-domain contacts and by keeping
very few key amino acids that contact the CDRs.

a) Choosing the Best Human Framework to Use in the "Humanization" of an Antibody When Its Structure Is
Known

[0025] At the present time, there are 11 Fab structures for which the atomic coordinates are known and have been
placed in the Protein Data Bank as shown in Table 1 below, 2 from human and 9 from murine antibodies.

Table 1: Fab Structures for Which Coordinates are in the Protein Data Bank
ANTIBODY RESOLUTION (A) R.VALUE PDB CODE

HUMAN: NEWM 2.0 0.46 3FAB
KOL 1.9 0.189 2FB4

MURINE : MoPC603 2.7 0.225 1MCP
J539 1.95 0.194 2FBJ
HyHEL-5 2.54 0.245 2HFL
HyHEL-10 3.0 0.24 3HFM
R19.9 2.8 0.30 1F19
4-4-20 2.7 0.215 4FAB
36-71 1.85 0.248 6FAB
B13I12 2.8 0.197 11GF
D1.3 2.5 0.184 1FDL

[0026] The contacts between side chains in the variable domains of the 11 Fabs have been collected and are presented
in Tables 2 to 4 below. The framework (FR) amino acids in the V| domains that contact CDRs are listed in Table 2 below.
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Table 2: V| Framework Residues That Contact CDR Residues in Fabs of Known Three-Dimensional Structure

J539
GLU (2)
ILE (11)

LEU (7)

CYS (1)
TRP (3)
TYR (12)

PRO (3)
ILE (1)
TYR (28)
VAL (3)

TYR (14)
CYS (1)
PHE (9)

McPC603
ASP (5)
ILE (15)
VAL (3)
MET (6)
TUR (1)

CYS (1)
TRP (2)
TYR (16)

LEU (6)
ILE (1)
TYR (29)
VAL (3)
ASP(1)

SER (3)
THR(3)

ASP (2)
PHE(23)

PHE (8)

HyHEL-10  HyREL-5
ASP (10)  ASP (3)
ILE (17)  ILE (13)
VAL(2) VAL(3)
LEU (6)  LEU (10)

CYS(2) CYS(2)
TRP (4)
TYR(8)  TYR(10)

LEU(4) ARG (15)
ILE (1)

LYS (13)  TYR(12)
ILE (1) VAL (6)

PHE (1)

THR (3)

PHE (17) TYR(17)
CYS (2)
PHE (10)  PHE (5)

R19.9

ILE (5)

GLN (2)
MET (9)
THR(1)

CYS (1)
TRP (2)
TYR(22)
LYS (12)
LEU (5)

TYR(40)
VAL (6)

ASP (1)
TYR (24)
CYS (1)
PHE (8)

ANTIBODY
4-4-20
ASP (8)
VAL (9)
VAL (2)
MET(13)
THR(2)

CYS (1)

ITYR(13)
LYS (5)
VAL (14)

TYR (22)
VAL (5)
ASP (2)
PHE (1)

THR (5)
PHE (17)

CYS (1)
PRE (4)

36-71
ASP (4)
ILE (20)
GLN(2)
MET (7)

CYS (1)
TRP (6)
TYR (15)

LEU (5)
ILE (3)
TYR (22)
VAL (4)

PRE (1)

THR (1)
ASP (6)
TYR (17)
CYS (1)
PHE (8)

B13I2

VAL (9)
LEU (6)
MET (6)

THR (4)
SER (6)

TRP (4)
TYR(8)

LEU (10)
ILE (2)
TYR(16)
VAL (5)
ASP (4)

THR(4)

PHE (19)
CYS (1)
PHE(14)

D1.3
ASP (11)
ILE (10)

MET (7)

TRP (4)
TYR (14)

LEU (6)
VAL (1)
TYR (25)
VAL (1)

SER (1)
THR(1)

TYR(16)
CYS(2)
PHE(14)

NEWH
SER (3)
VAL(2)

LEU (4)
THR (1)

TRP(1)
TYR(13) |

LEU (2)

LYS(2)
SER 11)
SER(2)
ALA (3)

PHE (13)

KOL

LEU (6)

cYS (1)
TRP (2)
TYR (11)

LEU (6)
ILE (1)
TYR (25)
VAL (6)
ASP (2)

LYS (11)

ALA (4)
CYS (1)
PHE (7)

19 €99 €22 0 d3
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Those FR in the V,; domains that contact CDRs are listed in Table 3 below.
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Table 3: V,, Framework Residues That Contact CDR Residues in Fabs of Known Three-Dimensional Structure

J539

VAL (11)
LEU(2)

PHE(3)
ASP(9)
PHE (4)

ARG(1)

GLU (3)
TRP(21)
ILE (1)

PHE(4)

ILE (8)

ARG (7)
ASH (1)
LEU (4)

ALA(4)
ARG (38)
TRP (5)

McPC603

VAL(3)

LEU (5)
THR (2)
PHE (2)
THR (5)
PHE (4)

VAL (1)
ARG (2)

GLU(4)
TRP (29)
ILE(1)
ALA (2)

PHE (10)
ILE II)
VAL(6)
ARG(16)
THR (3)
LEU (7)

ALA (5)
ARG(24)
TRP (9)

HyHEL-10  HyHEL-5

VAL(8)

LEU(5)

VAL(6)
TYR(14)
THR (3)
PHE (10)

THR(2)

ARG(4) LYS (2)
ARG (1)
GLU(1)  GLU(27)
TYR(20)  TRP (21)
MET (6)  ILE (12)

ARG (11)
ILE(9) ALA (1)
ILE(8) PHE (12)

ARG (2)  ALA(1)
TYR(9)  ALA(1)
LEU(2)

CYS (1)

LEU (2)
ASH (11)  HIS (2)

R19.9

VAL(1)
LEU(2)

TYR(11)
THR(6)
PHE (7)
THR(6)

VAL(1)
LYS (1)

GLU(3)
TRP (13)
ILE (13)

THR (1)
LEU (5)
VAL (4)

ALA (1)

ARG (30)
TRP (2)

ANTIBODY

4-4-20

LEU (1)
ALA(1)
PHE (26)
THR(4)
PHE (13)
SER (7)

ARG (4)

GLU (4)
TRP (13)
VAL (1)
ALA (2)
ARG (3)
PHE (11)
THR (11)
ILE (20)
ARG (6)
ASP (3)
VAL (2)
LEU (1)

ASP (2)
THR(3)

TRP (2)

36-71
GLU(3)
VAL (7)
LEU (1)

TYR(4)
THR(2)
PHE(6)
TRP (2)
LYS(2)
GLU (9)
TRP (21)
ILE(9)

THR (5)

LEU (6)
VAL(6)

ALA (1)

CYS (1)
ALA (1)
ARG (23)
TRP (5)

B13I12

VAL (3)
LEU (1)

PRE (4)
THR (3)
PHE (3)

ARG (1)

TRP (23)
VAL (3)
ALA (2)
ARG (2)
PHE(12)

ILE (11)
ARG (3)

LEU (6)

THR (5)
ARG (14)

D1.3

VAL (12)
LEU (1)

PHE (4)

LEU (1)

VAL (1)

GLU (1)
TRP (19)
LEU (1)

LEU (6)

ILE (8)
LYS (4)

VAL (4)
MET (1)
CYS (1)
ALA (4)

ARG (30)
TRP (2)

NEWH

THR(1)
SER(1)

ASP (6)

VAL (2)

TRP (22)
ILE (2)

ARG(2)
VAL(2)

MET(4)

PHE(5)
LEU (1)
ALA (1)

ARG(22)
TRP (4)

KOL

VAL (9)
LEU (1)

PHE (3)
ILE (2)
PHE (4)

VAL(1)
ARG (3)

GLU (1)
TRP (15)
VAL(1)
ALA(2)
ARG (1)
PHE (10)
THR(2)
ILE (9)
ARG (9)

LEU (5)

ALA (3)
ARG (27)
TRP (4)

19 €99 €22 0 d3
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[0028] The FR amino acids, that contact the opposite domain and which presumably are the ones mainly responsible
for the quaternary structure of the F,, domains are listed in Table 4 below.
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Table 4: Framework Residues That Contact Framework Residues in the Opposite Domain in Fabs of Known Three-Dimensional Structure

POSITION

36
38
43
44
46
85
87
98

100

POSITION

7

37
39
43
44
45
47
91

103

105

J539
TYR(3)
GLN(10)
SER(7)
PRO (10)
PRO(3)

TYR(6)
PHE(H)

J539
VAL (4)
GLN (10)

LEU (13)
TRP (1)
TYR (6)
TRP (11)
GLN (5)

McPC603
TYR (4)
GLN (4)
PRO (1)
PRO (14)

TYR (4)
PHE (8)
ALA (2)
McPC603

GLN (4)

ARC (2)
LEU (12)

TYR (4)
TRP (15)

HyHEL-10
TYR (3)
GLN (9)
SER (8)
PRO (8)

MET(2)
PHE(6)
PHE (7)

HyHEL-10
ILE (2)
LYS (8)
ASH (4)

LEU(8)
TYR (2)
TYR(3)
TRP (16)

HyHEL-5
TYR (5)
GLN (5)
SER (5)
PRO (11)

TYR (2)
PHE (12)

HyHEL-5
VAL (1)
GLN(5)

LEU (14)

TYR (8)
TRP (11)

R19.9

GLN (5)
THR (3)

THR (5)

PHE (12)

R19.9
VAL (4)
GLN (5)
GLN (7)

TRP (2)
PRE (3)
TRP (4)

ANTIBODY

4-4-20
TYR(11)
GLN(3)

PRO(7)

PHE(12)

ANTIBODY
4-4-20
VAL (2)
GLN (3)

LEU (8)

TYR (2)
TRP (18)

36-71
TYR (7)
GLN(6)

ILE(20)

PHE(5)
PHE (9)

36-71
VAL (1)
GLN (6)

LEU (11)

PHE (4)
TRP (24)

B13I12
TYR (1)
GLN(12)
SER (3)
PRO (16)

VAL (1)
TYR (10)
PHE (13)

B13I12
VAL (2)
GLN (10)
LYS (6)

LEU (13)

TYR (3)
TRP (22)

INV,:
D1.3 NEWM
TYR(7)
GLN()  GLN(7)
SER(2)  ALA(5)
PRO(16) PRO(7)
ASP (12)
TYR®)  TYR(6)
PRE(12) PHE(10)
INV,:
D1.3 HEWM
VAL (4) VAL (1)
GLN (6) GLN-(4)
ARG (19)
LEU (14) LEU (11)
TRP(3) TRP(2)
TYR(5)  TYR(3)
TRP (19) TRP (8)

KoL
TYR (5)
GLN (8)
ALA (1)
PRO (13)

TYR (6)
PHE (15)

KoL
VAL(4)
GLN(7)

LEU (16)

TRP (19)

19 €99 €22 0 d3
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[0029] The buried, inward-pointing FR amino acids in the V|, domains, i.e., those which are located in the domain

interior, are listed in Table 5 below.
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Table 5: Inward-Pointing, Buried Framework Residues in the V| of Fabs of Known Three-Dimensional Structure

POSITION

11
13
19
21
23
35
37
47
48
49
58
61
62
7
73
75
78
82
83
64
86
88
102
104
106

JS39
ILE
LEU
GLN
-THR
ALA
VAL
ILE
CYSs
TRP
GLN
TRP
ILE

VAL
ARG
PHE
TYR
LEU
ILE

MET
ASP

ALA
TYR
CYS
THR
LEU
LEU

ILE

MET
GLN
LEU
VAL
VAL
MET
CYS
TRP
GLN
LEU
ILE

VAL
ARG
PHE
PHE
LEU
ILE

VAL
ASP

ALA
TYR
CYS
THR
LEU
ILE

McPC603

ILE

LEU
GLN
LEU
VAL
VAL
LEU
CYS
TRP
GLN
LEU
ILE

ILE

ARG
PHE
PHE
LEU
ILE

VAL
ASP

TYR
CYS
THR
LEU
ILE

HyHEL-10

HyHEL-5

ILE
LEU
GLN
MET
ALA
VAL
MET
CYs
TRP
GLN
TRP
ILE

VAL
ARG
PHE
TYR
LEU
ILE

MET
ASP

ALA
TYR
CYs
THR
LEU
ILE

ANTIBODY
R19.9 4-4-20
ILE VAL
MET MET
GLN GLN
LEU LEU
ALA VAL
VAL ALA
ILE ILE
CYS CYS
TRP TRP
GLN LEU
LEU LEU
VAL ILE
VAL VAL
ARG ARG
PHE PHE
TYR PHE
LEU LEU
ILE ILE
LEU VAL
ASP ASP
ALA

TYR TYR
CYS CYS
THR THR
LEU LEU

36-71
ILE
MET
GLN
LEU
ALA
VAL
ILE
CYS
TRP
GLN
LEU
ILE

VAL
ARG
PHE
TYR
LEU
ILE

LEU
ASP

ALA
TYR
CYS
THR
LEU
ILE

B1312
VAL
MET
GLN
LEU
VAL
ALA
ILE
CYS
TRP
LEU
LEU
ILE

VAL
ARG
PHE
PHE
LEU
ILE

VAL
ASP

TYR
CYS
THR
LEU
ILE

D1.3
ILE

MET
GLN
LEU
ALA
VAL
ILE

CYS
TRP
GLN
LEU
VAL

VAL
ARG
PHE
TYR
LEU
ILE

LEU
ASP
PHE

TYR
CYS
THR
LEU

NEWM

LEU
GLN
VAL

VAL
ILE

CYS
TRP
GLN
LEU

PHE

PHE
ALA
LEU
ILE

LEU
ASP

ALA
TYR
CYS
THR
LEU
VAL

KOL

LEU
GLN
ALA

VAL
ILE

CYS
TRP
GLN
LEU
ILE

VAL
ARG
PHE
ALA
LEU
ILE

LEU
ASP

THR
TYR
CYS
THR
VAL
VAL

19 €99 €22 0 d3
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Those in the V domain are listed in Table 6 below.
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Table 6: Inward-Pointing, Buried Framework Residues in the V|, of Fabs of Known Three-Dimensional Structure

Sl

POSITION ANTIBODY
J539 McPC603 HyHEL-10 HyHEL-5 R19.94-4-20 36-71 81312 D13 NEWH KOL
2 VAL VAL VAL VAL VAL VAL VAL
4 LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU LEU
69 GLU GLU GLU PRO GLN GLU GLU GLN GLU GLU GLN GLN
12 VAL VAL VAL MET VAL VAL VAL VAL VAL VAL VAL
18 LEU LEU LEU VAL VAL MET VAL LEU LEU LEU LEU
20 LEU LEU LEU ILE MET LEU MET LEU ILE LEU LEU
22 CYS CYS CYs CYS CYS CYS CYS CYS CYS CYS CYS
24 ALA THR VAL ALA ALA ALA ALA ALA VAL VAL SER
27 PHE PHE ASP TYR TYR PHE TYR PHE PHE THR PHE
29 PHE PHE ILE PHE PHE PHE PHE PHE LEU PHE PHE
36 TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP TRP
38 ARG ARG ARG LYS LYS ARG LYS ARG ARG ARG ARG
40 SER
46 GLU GLU GLU
48 ILE ILE MET ILE ILE VAL ILE VAL LEU ILE VAL
49 ALA ALA ALA ALA
66 LYS ARG ARG LYS ARG ARG ARG ARG
67 PHE PHE ILE ALA THR PHE THR PHE LEU VAL PHE
69 ILE VAL ILE PHE LEU ILE LEU ILE ILE MET ILE
71 ARG ARG ARG ALA VAL ARG VAL ARG LYS VAL ARG
76 SER
78 LEU LEU TYR ALA ALA VAL ALA LEU VAL PHE LEU
80 LEU LEU LEU MET MET MET LEU MET LEU LEU LEU LEU
82 MET MET LEU LEU LEU MET LEU MET MET LEU MET
82C VAL LEU VAL LEU LEU LEU LEU LEU LEU VAL LEU
86 ASP ASP ASP ASP ASP ASP  ASP ASP ASP ASP ASP
88 ALA ALA ALA ALA ALA ALA ALA ALA
90 TYR TYR TYR TYR TYR TYR TYR TYR TYR TYR TYR
92 CYS CYS CYS CYS CYS Cys CYS CYS CYS CYSs CYSs
94 ARG ARG ASH HIS ARG ARG ARG ARG ARG ARG
107 THR THR THR THR THR  THR THR THR SER THR
109 VAL VAL VAL LEU LEU VAL LEU LEU LEU VAL VAL

19 €99 €22 0 d3
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Table continued
POSITION ANTIBODY
J539 McPC603 HyHEL-10 HyHEL-5 R19.94-4-20 36-71 81312 D1.3 NEWH KOL
111 VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL VAL

From the above, it may be seen that

(1) There are many FR amino acids that either contact the CDRs or the opposite domain, or are found in the domain interior.

(2) These FR amino acids, which could influence the structure of the combining site, and thus the antigen-binding characteristics of
an antibody, are different from antibody to antibody.
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[0031] Itis obvious from these results that no one structure can serve as the perfect and sole basis of all humanization
protocols. Infact, to "humanize" the 9 murine antibodies shown in Table 1 above by CDR-grafting with a view to preserving
their ligand-binding properties, the FR amino acids listed in Table 2 to 6 above would have to be retained.

[0032] A search through the tables of immunoglobulin sequences (Kabat et al., "Sequences of Proteins of Immuno-
logical Interest", 5th Ed., US Dept. of Health and Human Service, NIH Publication No.91-3242 (1991)), shows that human
variable domain sequences are known that already have most of the FR amino acids that need to be preserved as
shown in Table 7 below.

Table 7: Human Antibodies that are Most Similar in Sequence to Murine Antibodies of Known Three-
Dimensional Structure

ANTIBODY DOMAIN MOST SIMILAR HUMAN SEQUENCE
NyKEL-10 VH SBP2'CL (77/112)
VH FRAMEWORK ~ 15PI'CL, MLI'CL (62/87)
VH IMPT 58P2'CL, Ab26'CL, C6B2'CL (28/38)
VL IARC/BL41°CL (73/107)
VL FRAMEWORK  IARC/BL41'CL (59/80)
VL IMPT IARC/BL41'CL (30/37)
NyKEL-5 VH NO'CL (74/116)
VH FRAMEWORK  783c’CL, X17115CL (63/87)
VH IMPT 21/28'CL, 51P1'CL, 783¢'CL, 8E10°CL, AND,
KAS, NEI-CL,
X17115°CL (25/37)
VL HF2-1/17°CL, KAS (65/105)
VL FRAMEWORK  HF2-1/17°CL (57/80)
VL IMPT BI, DEN, HF2-1/17°CL, KUE, REI,
WALKER'CL, WIL(-) (27/36)
R19.9 VH 21/21°CL (73/119)
VH FRAMEWORK ~ 21/28'CL, 51P1°CL, AND, LS2'CL, NEI'CL
(60/87)
VH IMPT 21/28'CL, BE10'CL, LS2'CL (26/38)
VL WALKER'CL (78/107)
VL FRAMEWORK  RZ (62/80)
VL IMPT REI, MALKER'CL (33/36)
4-4-20 VH 30P1'CL (77/116)
VH FRAMEWORK ~ 2P1'CL, 3D6'CL (65/87)
VH IMPT 4B4'CL, K26'CL (36/41)
VL RPHI-6410°CL (91/112)
VL FRAMEWORK  GH-607-'CL (68/80)
VL IMPT CUH, FR, NIH (33/36)
J539 VH 30PI'CL, Vh38C1.10°CL (81/118)
VH FRAMEWORK ~ 18/2'CL, 30P1°CL, H43 (71/87)
VH IMPT 38P1'CL, 56P1°CL, M72, H74 (36/40)
VL PA (62/105)
VL FRAMEWORK  LEN, WEA (53/80)
VL IMPT BI, DEN, KUE, REI, WALKER'CL, WIL(-)
(26/35)
McPC603 VH M72 (81/120)
VH FRAMEWORK ~ 4G12'CL, Ab18'CL, H72 (70/87)
VH IMPT 56P1'CL, M72, H14, RF-SJ2'CL (36/42)
VL FK-001'CL, LEN (91/113)
VL FRAMEWORK  LEH (70/80)
VL IMPT LEN (38/42)
36-71 VH 21/28'CL (74/119)
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Table continued

[0033]

ANTIBODY

B1312

D1.3

DOMAIN
VH FRAMEWORK

VH IMPT

VL

VL FRAMEWORK
VL IMPT

VH

VH FRAMEWORK

VH IMPT

VL

VL FRAMEWORK
VL IMPT

VH

VH FRAMEWORK
VH IMPT

VL

VL FRAMEWORK
VL IMPT

MOST SIMILAR HUMAN SEQUENCE
21/28'CL, S1PI'CL, 703¢'CL, AND’CL, NEI'CL,
X17115°CL,

(61/87)

21/28*CL, 8E10°CL (28/38)

AG (76/105)

RZ (63/80)

REI, RZ, WALKER'CL (34/37)

56P1'CL (83/119)

4B4’CL, 4012'CL, M26'CL, M72, RF-SJ2'CL,
Vh38CI.10°CL

(68/87)

56P1'CL, M72, M74, RF-SJ2'CL (37/39)
RPH1-6410°CL (86/112)

GM-607-"CL (69/80)

CUH, NIM (36/39)

C6B2'CL (72/116)

C6B2'CL (62/87)

M60'CL (32/37)

BR 475/107)

HF2-1/17°CL 164/00)

3D6'CL, BI, DEN, EU, KUE, PA, REI,
MALKER'CL, WIL(-) (32/36)

These human sequences are not necessarily those which are most similar to the murine antibodies, overall or

in the framework regions only, but rather, those that possess the largest number of important amino acids in common,
the latter sequences being included in Table 7 above.

[0034] The number of murine amino acids that still need to be retained in order to have all the important FR amino
acids in the "humanized" versions of the murine antibodies, as shown in Table 7 above, ranges from 21 (for HyHEL-5:
12inVyand 9in V) to 5 (for B1312:2 in V and 3 in V| ). These are not very many amino acids, considering that the
resulting humanized molecules will probably retain most or all their ligand-binding characteristics. It is possible that there
exist other human sequences that are even more similar to these murine domains that are not included in the compilation
of Kabat, et al. (1991), supra. When more sequences become available these may also be incorporated to improve the
pool of basic data available for use in the humanization of antibodies.

b) Choosing the best human framework to use in the "humanization" of an antibody when its structure is not known
[0035] In the absence of a three-dimensional structure, the identification of the FR amino acids that are crucial to

maintain the combining site structure is not easily done. Nevertheless, some proposals may be made from the data
shown in Tables 2 to 6 above that have been collected in Tables 8 and 9 below for the V| and V|, domains.

18



10

15

20

25

30

35

40

45

50

55

Table 8:

J539
McpC603
HyHEL-10
Hy3EL-5
R19.9
4-4-20
36-71
31312
D1.3

J539
M22C603
HyHEL~10
HyHEL-S
R13.9
4-4-20
36-71
B1312
D1.3

EP 0 723 663 B1

Framework Residues in V, That Probably
Need to Be Preserved in Order to Reproduce the
Ligand Properties of the Original Antibody

EI.L.Q....T.A.....
DIVMTQ....L.V.....
DIVL.Q....L.V.....
DIVL.Q....M.A.....
SIONTQ. .. .L.A.....
DVVMTQ....L.V.....
DIOM.Q....L.A.....
LVLM.QT...L.V.....
DI.M.Q....L.A.....

TR 22 40

CPYCrCCcc<q
. e

nBnhnnnna

CDR2
eisklas .V . RF........Y.L.I..M...D.A.¥YYC
gastres ,V.DRF....S.TOF.L.I..V...D.A.YYC
yasqsia .I..RF......T.F.L.I..V...D..MYFC
dtsklas .V..RF........Y.L.I..M,..D.A.YYC
ytsrlhs .V, . RF.......DY.L.I..L...D.ATY.C
kvsnxe€s ,V.DRF......T.F.L.I..V...D...¥.C
ftexaqs .V, .RF......TDY.L.I..L.,.D.A.YFC
kvancfs ,V.DRF......T.F.L.I..V...D..VYYC
ytttlad .V,.RF....S5.T.Y.L.1..L...DF..YYC

19

kssqsllnsgnqknfla
xasq--—-=---gignnlh
SA3S-—-~~=—=g¥Ynysy
raaq--—-=---disnyln
resq-slvhsqgntylr
rasg~----~dinnfln
rsng-tillsdgdtyle
rasg~--~~--nihayla

CDR3
qqwtyplit
qndhsyplt
q9saswpyt
qqgz-npt
qqgsttpxt
sqsthvpwt
qqgnalprt
£qgshvppt
ghfwstprt

WYQQ....SP.PWIY
WYQQ....PP.LLIY
WY¥QQ....SP.LLIK
WYQQ....SP.RWIY
WYQQ...,T.KLLVY
WYLQ.....PRVLIY
WYQO.....1.LLIY
WYLQ....SP.LLIY
WYQQ....SP,.LLVY

F...T.L.L.
P.A.T.L.I.
F...T.L.I.
F...T.L.I,
F...T.L...
F...T.L...
F...T.L.I,
F...T.L.I,
F...T.L...
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Table 9: Framework Residues in V,, That Probably
Need to Be Preserved in Order to Reproduce the
Ligand Properties of the Original Antibody
CDR1
J539 .V.L.E.....V.....L.L.C.A, .FDF. kywms WVRQ.....LEWI.
McPC603 .V.L.E.....V.....L,L.C.T..FTF. dfyme WVRQ....RLEWIA
HyHEL-10 .V.L.E..P..V.....L.L.C.V..D.IT sdyws WIRK...N.LEYM,
HYHEL-5 ee.L.Q.v. .M. .. V.I.C.A,.YTF. dywie WVKQR....LEWI,
R19.9 V.L.E.....V.....V.M.C.A,..YTFT sygvn WVKQ...Q..EWI.
4-4-20 «v L.E.....V.....M.L.C,A, .FTFS dywmn WVRQS....LEWVA
36-71 EV.L.Q.....V.....V.M.C.A. . YTF. sngin WVKQ.....LEWI.
B1312 .W.L.E.....V.....L.L.C.A, . FTF. rcams WVRQ...K.L.WVA
D1.3 .W.L.E.....V.....L.I.C.V..F.L. gygvn WVRQ.....LEWL.
CDR2
J539 eihp--dsgtinytpslkd KF.I.R.N....L.L.M..V...D.A.YYCAR
McPC603 asrnkgnkytteysasvkg RFIV.R.T....L.L.M..L...D.A.YYCAR
HyHEL-10 yvs---ysgstyynpslks RI.I.R......Y.L.L..V...D.A.YYC.N
HyHEL-5 eilp--gsgstnyherfkg KA.F.A......A.M.L..L...D...YYCLH
R19.9 yinp--gkgylsynekfkg .TTL.V......A.M.L..L...D.A.YFC.R
4-4-20 qirnkpynyetyysdsvkg RFTI.R.D..S.V.L.M..L...D...YYCT.
36-71 ynnp--gngyliaynekfkg .T.L.V......A.M.L..L...D.A.YFCAR
B131I2 giss--ggsytfypdtvkg RF.I.R......L.L.M..L...D.A,YYCTR
D1.3 miw~---gdgntdynsalks RL.I.K......V.L.M..L...D.A.YYCAR
CDR3
JS539 lhyygyn=—==== ay W.Q.T.V.V..
McPC603 nyygstwyf----dv W...T.V.V.. .
HyHEL~10 wdg-~---=-==-==dy W.....V.V..
HyHEL-5 gnydf--=-=--- dg W...T.L.V..
R19.9 " sfyggsdlavyyfds W...T.L.V..
4-4-20 syygm-—-——==-=- dy W...T.V.V..
36-71 seyyggsykf---dy W...T.L.V..
B1312 yssdpfyf---~- dy W...T.L.V..
D1.3 erdyrl-----=~- dy W...T.L.V.,
[0036] From Tables 8 and 9 above, it may be seen that many of the important FR amino acids flank the CDRs. Among

these flanking positions are most of the FR amino acids that are involved in the contact with the opposite domain as
shown in Table 4 above, and many of those which are in contact with the CDRs as shown in Tables 2 and 3 above.
Moreover, almost all of the FR amino acids that have been observed to participate in the binding to antigen (Amit, A.G.,
et al., Science 233:747-753 (1986); Sheriff, et al., P.N.A.S. (USA) 82:1104-1107 (1987); Padlan, E.A., et al. ,P.N.A.S.
(USA) 86:5938-5942 (1989); Tulip, et al., Cold Spring Harbor Symp. Quant. Biol. 54:257-263 (1989); Bentley, et al.,
Nature (London) 348: 254-257 (1990)), are in these flanking regions. Thus, during humanization, not just the CDRs are
retained, but also some of the residues immediately adjacent to the CDRs. This provides a better chance of retaining
more of the ligand-binding properties of the original antibody. The likelihood of retaining the antigen binding properties
of the mouse antibody is even greater if the first few amino acids in the NH,_termini of both chains are also retained,
since some of them are found to be in contact with CDRs as shown in Tables 2 and 3 above. Further, Tables 8 and 9
above also show many other framework positions that are deemed structurally important in all the cases examined here.
The murine residues at those positions should probably be retained as well.

[0037] Alternatively, it may possible to reduce immunogenicity, while preserving antigen-binding properties, by simply
replacing those exposed residues in the framework regions which differ from those usually found in human antibodies
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(Padlan, E.A. (1991), supra). This would humanize the surface of the anti KC-4 murine antibody while retaining the
interior and contacting residues which influence its antigen-binding characteristics. The judicious replacement of exterior
residues should have little, or no, effect on the interior of the domains, or on the interdomain contacts. For example, the
solvent accessibility patterns of the F,s of J539, a murine IgA (x) and of KOL, a human IgG1 (1) have been found to be
very similar (Padlan, E.A. (1991), supra).

[0038] At present, more than 35 different Fab structures have been elucidated by X-ray diffraction analysis, although
atomic coordinates for only 11 are currently in the Protein Data Bank as shown in Table 1 above. Most of the available
structures have been analyzed to only medium resolution, some having been refined to only a limited extent. Eventually,
atomic coordinates for more and better-refined structures will become available, so that the "important" FRs will be more
easily assessed. This will improve the theoretical predictive record of the present method for determining the sequence
of the humanized antibodies.

[0039] The design of the humanized anti-KC-4 murine antibody is reached in stages as follows.

1- Choice of a murine model of known structure.

2- Choice of the human FR.

3- Identification of murine/human antibody differences.
4- Identification of important murine amino acids.

(1) Choice of a xenogeneic model of known structure

[0040] The Vy and V| domains of an antibody of desired specificity are classified according to Kabat et al.(1991),
supra. Then, another human antibody may be chosen, whose structure has been determined, and whose variable regions
belong to the same classes and subclasses. Modeling the murine antibody in question to such structure ensures maximal
chance for success. This, however, is not absolutely necessary since the relative positions of the important amino acids
do not vary considerably even in variable regions of different classes. Thus, with less than a perfect match, this method
has been applied to design the humanized anti-KC-4 antibodies of this invention. Once the murine model is chosen, it
may be applied to identify the locations of important residues in the murine antibody to be humanized. Tables 2, 3, 4,
5, 6, 8 and 9 indicate the positions of the important amino acids in several antibodies whose structures have been
determined to a high resolution level.

(2) Choice of the target species FR

[0041] The target species framework should, ideally, be a consensus framework. That is, one that has a maximum
number of amino acids in common with all human frameworks of the same class. This is important, because, the goal
of humanization is to avoid an immunological response against the engineered humanized anti-KC-4 antibody.

[0042] The target species framework that is chosen is that which shares the greatest number of important amino acids
with the original murine antibody. Thus, in choosing the human FRs, the similarity between the important amino acids
is more important that the overall similarity.

[0043] In practice, the sequences of the murine variable chains were aligned with the consensus sequences from all
variable region classes of the anti-KC-4 murine antibody and the number of differences in the amino acids that must be
retained from the murine antibody were scored. The human consensus sequence(s) that score(s) the lowest number of
differences is (are) then chosen. These are the best antibody candidates. Others with low numbers that are higher than
the above may also be suitable, and are placed in a reserve pool, and so forth. If there are too many differences in the
chosen framework (e.g., more than 16), then the same alignment procedure using all tabulated human sequences may
be repeated in order to find a specific human framework whose similarity with the murine sequence is maximized at the
positions of the important amino acids. Thus, most preferably, the target species FR should be a consensus sequence.
Next preferable would be a framework of a common human antibody, and finally, the framework of any human antibody.

(3) Identification of murine/human antibody differences

[0044] The murine sequences are then aligned with the human sequences and the positions of all amino acids that
differ in the murine and in the human frameworks are tabulated. Such a table contains the maximum number of amino
acids that can be changed towards the humanization of the anti KC-4 murine antibody (see, Table 19 below). If all those
changes were to be made, a so-called CDR-grafted antibody would be obtained. That is, only the original CDRs would
be retained from the anti-KC-4 murine antibody. The affinity of a CDR-grafted antibody by itself would be considerably
less than that of the original anti-KC-4 murine antibody. In order to maximize the chances for conserving the original
affinity, the identities of all important amino acids must be preserved.
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(4) Identification of important murine amino acids

[0045] In the first step towards humanizing an antibody, the amino acids that are correspondingly important in the
anti-KC-4 murine antibody chosen in step 1 are retained. In a subsequent step, however, the amino acids that have
been shown to occupy important positions in other murine antibodies or in human antibodies may also be retained and
are therefore taken out from the group of candidates to be mutated. The second step is particularly appropriate if all
chances that the amino acids in question could make contacts with the CDRs or with the opposite chains are to be
avoided. Once the important murine amino acids are identified, the DNA sequence may be mutagenized to change all
other amino acids, which for the most part occupy exposed positions.

[0046] The present method was applied in the exemplary disclosure provided hereinbelow to the humanization of the
anti-KC-4 murine antibody starting from a chimeric antibody consisting of anti-KC-4 mouse variable regions and human
constant regions. Murine and human antibodies, whose three-dimensional structures have been deduced to a high
degree of resolution, were utilized as guidance in the choice of the amino acids to be substituted in order to humanize
this murine antibody. Information on other murine antibodies from a Data Bank was used in the exemplary disclosure
provided below to modify the anti-KC-4 murine-human chimeric antibodies with human amino acids.

[0047] The cDNAs encoding the anti-KC-4 humanized variable regions were then cloned into a vector containing
sequences encoding constant regions of a human antibody placed under the same promoter. Although this is the cloning
strategy utilized in the exemplary disclosure of this invention, other methods known in the art may also be utilized such
as co-expression and the like. In the exemplary disclosure provided herein, the anti-KC-4 murine-human chimeric anti-
bodies were constructed by joining the DNAs of the anti-KC-4 murine variable domain to a human constant domain (an
effector agent) cloned into a hybrid vector, and the product expressed by transfecting the vector into myeloma cells. The
variable regions of the chimeric antibodies were then modified at the DNA level to obtain the humanized chimeric
antibodies. The modifications to the variable regions of the peptides may either be conducted by PCR amplification with
primers that are custom tailored to produce the desired mutations, or by DNA synthesis.

[0048] The anti-KC-4 humanized antibodies exemplified below comprise the humanized variable regions of the anti-
KC-4 murine/human.chimeric antibody (U.S. Patent No. 4,708,930 to Coulter discloses the anti-KC-4 mouse antibody
technology) and the kappa and gamma 1 constant region of a human antibody. These humanized antibodies were
characterized by their molecular weights and binding specificities, and shown to compete well with, or better than, the
corresponding murine and chimeric antibodies for the KC-4 antigen. The humanized antibodies were shown to bind
weakly to normal breast, lung, colon and endometrium, and strongly to carcinoma tissue sections by the ABC immu-
noperoxidase method. The portions of the CDR and FR regions of the non-modified peptides (murine F, regions) and
effector agents (human F regions) were shown in both cases to be substantially identical to those of the murine and
human antibodies from which they were obtained. The anti-KC-4 humanized antibodies of this invention lacking any
non-human constant region sequ